A study was conducted to evaluate the effects of supplementation of corn-soybean meal based diets with betaine and choline on live performance and breast meat yield of male broiler chicks. Diets formulated to meet nutrient levels of top broiler companies were supplemented with either 0 or 1000 mg/kg betaine in combination with either 0 or 1000 mg/kg choline. Betaine supplementation was carried out either for the full 49 d feeding trial or initiated at 35 d of age. Each dietary treatment was assigned to eight replicate pens of 60 male chicks of a commercial strain. At 42 and 49 d of age samples of birds were processed under commercial conditions and dressing percentage and breast yield determined. The results of this study indicate little or no positive benefit in terms of body weight gain, feed conversion, or mortality from the addition of betaine to nutritionally adequate corn-soybean meal based diets for broiler chicks in situations where disease challenge from coccidiosis is not a major issue. Improvements in dressing percentage were obtained from betaine supplementation and in breast yield from choline supplementation at 42 d of age but not at 49 d of age. Therefore, age of bird might be a consideration for using these supplements as birds processed at younger ages might be more responsive to these nutrients. Further studies are needed to evaluate the potential effect of age on response to choline and betaine.
Introduction
Many studies have examined the interrelationship between choline and methionine (Marvel et al., 1944; Clandinin et al., 1946; Gerry et al., 1948; Sunde et al., 1951; West et al., 1951; Featherston and Stephenson, 1960; Quillen et al., 1961; Pesti et al., 1980; Baker et al., 1983; Miles et al., 1983; Tillman and Pesti, 1986; GarciaNeto et al., 2000) and between betaine and methionine (Rostagno and Pack, 1996; Schutte et al., 1997; Kidd et Virtanen and Rumsey, 1996; Esteve-Garcia Diets were formulated using corn and soybean meal of and McDevitt et al., 2000) to determine if known crude protein and moisture content to meet the these compounds can spare the needs of the chick for nutrient levels of the top five companies in a popular methionine, with considerable variation in results. While agricultural survey The nutrient standards used for some studies (Virtanen and Rosi, 1995; formulation are shown in Table 1 and the composition of Rumsey, 1996) suggest that the response to betaine the diets for the various age periods is shown in Table was greater than that obtained from the addition o f 2. For each age period, a large batch of the basal diet methionine, others have failed to demonstrate that the was prepared and aliquots used for mixing the various methionine content of the diet could be reduced by test diets. Diets were fortified with complete vitamin and supplementation with betaine (Rostagno and Pack, trace mineral premixes obtained from local poultry 1996; Schutte et al., 1997; Esteve-Garcia and Mack, companies. 2000; McDevitt et al., 2000) . However, several studies Dietary treatments consisted of a 2 x 3 factorial suggest that addition of betaine may improve breast arrangement of treatments with two choline levels (0 or meat yield (Schutte et al., 1997; Wallis, 1999; Esteve- 1000 mg/kg supplemental choline) and three betaine Garcia and Mack, 2000; McDevitt et al., 2000; Remus, treatments (0, 1000 mg/kg from 0 to 49 d, 0 to 35 2001). A recent study from our laboratory (Waldroup et followed by 1000 mg/kg to 49 d). Because much of the al., 2005) concluded that addition of 1000 mg/kg betaine, development of breast muscle takes place during the 1000 mg/kg choline, or the combination of 500 mg/kg of latter stages of growth it might be possible to obtain the betaine and 500 mg/kg of choline, fed continuously from same improvements by supplementing the finisher diets one day of age, resulted in a significant improvement in with betaine, thus the reason for feeding only from 35 to breast meat yield of male broilers, independent of the 49 days in the latter treatment. Choline was supplied as level of methionine in the diet. From this study it was difficult to determine the relative contributions of betaine and choline to this response. The present study was designed to evaluate the individual and combined contributions of betaine and choline to enhancement of breast meat yield in male broilers grown for further processing. Variable amounts of choline, betaine, and washed builders sand. a dry 60% choline chloride product while betaine was and amino acid content. added as a crystalline 97% product. Choline and betaine
Materials and Methods
The house used in this study was an insulated steel analyses of the mixed diets were conducted by a truss building of commercial design with a 3 ft curtain commercial laboratory specializing in these assays. The sidewall containing 48 pens with 56 ft per pen. New basal diet in each period was analyzed for crude protein softwood shavings over concrete floors served as litter. Temperature was controlled by thermostatically controlled gas brooders, adjustable sidewall curtains, and exhaust fans. Each pen was equipped with two tube feeders and one automatic water fount. For the first seven days supplemental feeders and waterers were used. Incandescent lights supplemented natural daylight to provide 23 hr light daily. Male broilers of a commercial strain were obtained from a local hatchery where they had been vaccinated in ovo for Marek's disease and had received vaccinations for Newcastle Disease and Infectious Bronchitis post hatch via a coarse spray. Sixty chicks were assigned a t random to each pen. Care and management of the birds followed recommended guidelines (FASS, 1999) . Each of the six treatments was fed to eight pens of chicks, randomly distributed throughout the house. Body weight by pen was obtained at 14, 35, 42, and 49 d with feed consumption during each period determined. Birds were checked twice daily; any bird that died or was removed to alleviate suffering was weighted and the weight used to adjust feed conversion (FCR; grams of feed per gram of gain). At 42 and 42 d five birds per pen, selected from among 15 birds marked by a toe slit at day-old, were processed to determine dressing percentage and parts yield. After a 12 hr fast the birds were placed in coops and transported approximately one mile to the processing plant. They were weighed and processed with automated evisceration a s described by Fritts and Waldroup (2005) . Due to the automatic evisceration it was not possible to determine abdominal fat content. The eviscerated carcasses were weighed and placed in a chiller with air agitation for one hour. The carcasses were removed, hung on shackles, and allowed to drain for 30 min. The carcasses were then deboned by trained technicians to determine parts Pen means served as the experimental unit for statistical analysis. Data were subjected to ANOVA using the General Linear Models procedure of the SAS Institute (1991). When significant differences among treatments were found, means were separated using repeated ttests using the LSMEANS option of the GLM procedure. Main effects of betaine program and choline addition were examined along with the interaction of betaine program and choline addition. Data for 14 and 35 d combined the results of the birds fed no betaine with those who did not receive betaine until 35 d of age. Mortality data were transformed to prior to analysis; data are presented as natural numbers.
Results
Analysis of the basal diet indicated that the levels of crude protein and essential amino acids were in good agreement with calculated values (Table 2 ). The analyzed choline content of the basal diet was also in good agreement with calculated values (Table 3) . Amount of added choline was determined by difference by s ubtracting the total choline content of the supplemented diets from that obtained on the basal diet; added choline values were slightly under the expected value of 1000 mg/kg but averaged 874 mg/kg over the entire study. Analyzed betaine content of the test diets was in good agreement with expected values (Table 4) with an average of 1044 mg/kg over the entire study. Thus, the test diets were considered to contain the expected levels of nutrients. The effects of betaine feeding program and choline supplementation on body weight at different ages are shown in Table 5 . Feeding 1000 mg/kg of betaine from 0 to 49 or from 35 to 49 d had no significant influence on body weight at any age. There was a significant effect of choline supplementation on body weight at 42 d, with a significant reduction in BW from birds fed 1000 mg/kg of choline. However, there was a significant interaction of betaine and choline supplementation at both 42 and 49 d of age. The addition of 1000 mg/kg of choline to diet of chicks that had not been fed betaine or to the diet of chicks that had been feed 1000 mg/kg of betaine from day of age had no effect on BW of chicks; however, when 1000 mg/kg choline was added to the diet of chicks that Feed conversion from 0 to 42 d was numerically improved (P = 0.08) and from 0 to 49 d was significantly improved (P < 0.01) by feeding 1000 mg/kg betaine from day of age but not when fed from 35 d (Table 6 ). Overall, choline supplementation had no significant effect o n feed utilization but the addition of 1000 mg/kg choline to the diet significantly reduced feed conversion at 42 d when fed in diets in which betaine feeding was initiated at 35 d. This interaction was not observed at 49 d of age. Mortality was very low during the study (Table 7) . There was no indication of any effect of betaine or choline on mortality at any age during the study, nor was their any interaction of the two nutrients. The chicks were placed on new litter and the diets contained an anticoccidial and bacitracin methylene disalicylate. Examination of dead or culled birds by a qualified poultry pathologist did not reveal any indication of problems with coccidiosis or intestinal necrosis. The effects of betaine feeding program and choline supplementation on carcass parameters are shown in Table 8 . Feeding 1000 mg/kg of betaine beginning at one day of age resulted in a significant improvement in dressing percentage at 42 d but not at 49 d. Addition of betaine had no significant effect on breast yield at 42 or 49 d of age. Addition of 1000 mg/kg of choline significantly improved breast yield at 42 d but not at 49 d.
------------------------------------------------------------------------------------
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Discussion
No attempts were made in the present study to reduce the methionine content of the diet by supplementation with choline or betaine as previous work from our laboratory and elsewhere (Rostagno and Pack, 1996; Schutte et al., 1997; EsteveGarcia and Mack, 2000; McDevitt et al., 2000) demonstrated no methionine sparing effect for betaine in corn-soybean based broiler diets. No improvement in body weight over the course of the present study was observed as a result of supplementing the diets with 1000 mg/kg of betaine. A negative effect on body weight at both 42 and 49 d of age was observed when 1000 mg/kg choline was added to diets of chicks that had been fed betaine from 35 d of age after receiving no betaine supplementation for the first 35 d. This effect was not observed when choline was added to diets of chicks that had been receiving 1000 mg/kg of betaine from day old. Feed conversion over the 49 d feeding period was significantly improved by continuous addition of 1000 mg/kg betaine, but not when fed only for 35 to 49 d of age. The negative effect of choline supplementation of diets of chicks that had been fed betaine from 35 d of age after receiving no betaine supplementation for the first 35 d was also observed on feed conversion at 42 d of age b ut not at 49 d. It is possible that some competition for metabolic pathways may take place xy between choline and betaine that may require some supplementation and in breast yield from choline adjustment period; this is worthy of further investigation.
supplementation but not at 49 d of age. Therefore, age In contrast to previous reports from our laboratory of bird might be a consideration for using these and elsewhere (Schutte et al., supplements as birds processed at younger ages might 1997; Wallis, 1999; Esteve-Garcia and Mack, 2000;  be more responsive to these nutrients. Further studies McDevitt et al., 2000; Remus, 2001 ) that betaine are needed to evaluate the potential effect of age on supplementation may improve breast meat yield, there response to choline and betaine. was no indication of improvements in breast yield in the present study. Addition of 1000 mg/kg betaine from day of age significantly improved carcass dressing percentage at 42 d of age but not at 49 d. Addition of 1000 mg/kg of choline significantly improved breast yield at 42 d but not at 49 d. Due in large measure to its osmoregulatory functions (Kidd et al., 1997; Kettunen et al., 2001a Kettunen et al., , 2001b ), betaine appears to be of benefit in chicks infected with coccidiosis (Matthews et al., 1997; Augustine et al., 1997; Allen et al., 1998; Augustine and Danforth, 1999; Matthews and Southern, 2000; Waldenstedt et al., 1999) . Chicks in the present study received an anticoccidial in the diet and were grown on new litter with no apparent problems with coccidial infection. In conclusion, the results of this study indicate little or no positive benefit in terms of body weight gain, feed conversion, or mortality from the addition of betaine to corn-soybean meal based diets for broiler chicks i n situations where disease challenge from coccidiosis is not a major issue. At 42 d of age improvements in dressing percentage were obtained from betaine
